Background. Hospital-acquired pneumonia (HAP) development is affected by a range of risk factors. Methods. A retrospective, observational study processing data on all consecutive intensive care patients older than 18 years of age between 1 January 2011 and 31 December 2015. The aim was to determine the incidence of potential risk factors and their impact on the development of HAP. Results. A total of 2229 patients. The overall mortality was 24.0%; the mean APACHE II score 21.4. The mean length of ICU stay was 5.9 days and the mean length of hospital stay was 20.5 days. The criteria for HAP were met by 310 patients (13.9%). Early-and late-onset HAP was diagnosed in 45 (14.5%) and 265 (85.5%) patients, respectively. The mean APACHE II score was 22.1, the mean length of ICU stay was 7.6 days and the mean length of hospital stay was 23.5 days. The most important non-modifiable factors increasing the risk of HAP were multiple organ failure (OR 13.733; P<0.0001), cardiac heart disease (OR 2.255; P<0.0001) and chronic renal failure (OR 2.194; P<0.002). The most common modifiable factors were intolerance to enteral nutrition (OR 3.055; P<0.0001), urgent tracheal intubation (OR 1.511; P<0.024), reintubation (OR 1.851; P<0.001), and bronchoscopy (OR 2.558; P<0.0001). Stress ulcer prophylaxis was administered to 83% of HAP patients and 68% of patients without HAP. Prophylaxis with famotidine was associated with a lower risk of HAP in 40.0% of patients (non-HAP in 49.9%), (OR 0.669; P=0.001) than prophylaxis with pentoprazol in 42.6% and 49.5% of patients, respectively (OR 0.756; P=0.027). Conclusions. Factors associated with the highest risk of the development of HAP can be determined. Pharmacological prophylaxis of gastric and duodenal stress ulcers was identified as an independent risk factor for HAP. The study was registered in the ClinicalTrials.gov database under the number NCT02779933.
INTRODUCTION
Early and correct identification of risk factors in the nursing process with respect to the development of nosocomial bacterial infections is a prerequisite for selecting rational and safe treatments in intensive care unit (ICU) patients. Moreover, effective preventive measures, together with adequate and early empirical antibiotic therapy, contribute to successful therapy, make it shorter and less expensive 1, 2 , and also lead to reduced mortality rates 3 . One of the most common infections associated with healthcare in ICU patients is hospital-acquired pneumonia (HAP). According to the American Thoracic Society and the Infectious Diseases Society of America, HAP includes ventilator-associated pneumonia (VAP) (ref. 4 ). In ICU patients, HAP accounts for 10-47% of nosocomial infections 5 , with mortality rates ranging from 20% to 60% (ref. 6, 7 ). Most frequently, HAP is associated with invasive airway management and mechanical ventilation, with the latter being referred to as VAP (ref. 8 ); this develops more than 48 h from endotracheal intubation. From an epidemiological perspective, two types of HAP are distinguished: early-and late-onset. The clinical and laboratory manifestations of early-onset HAP occur within 48 to 96 h from hospital admission; late-onset HAP develops from day 5 of a hospital stay but no later than 14 days after discharge 9 . The primary ways of transmission of etiological agents into the lower airways are most frequently microaspiration of microbes colonizing the oropharyngeal region or upper gastrointestinal tract 7 or transmission of infection from the environment. The risk factors for the development of HAP may be either non-modifiable (patient-related) or modifiable (hospital-related).
The present study focused on assessing risk factors that may contribute to the development of HAP, determining their prevalence and proposing their modification in an effort to reduce the risk of developing HAP in intensive care patients.
METHODS

Setting and Study design
A retrospective, observational study was proposed, to obtain clinical and epidemiological data on ICU patients. The sample was divided into patients who developed HAP and a subgroup of those who did not. In both subgroups, the frequency of potential risk factors for therapy and nursing care was investigated. The study was approved by the University Hospital Olomouc Ethics Committee (No. 63/16). Informed consent from patients enrolled in the study was not required. The study was registered in the ClinicalTrials.gov database under the number NCT02779933. The enrolment was influenced by neither the type of lower airway management (invasive/non-invasive) nor the result (positive/negative) of microbiological testing of samples collected from the lower airways (endobronchial aspirate or bronchoalveolar lavage) as it has been demonstrated that approximately one-third of collected samples may be microbiologically negative even if pneumonia is clinically manifested 10 .
Participants
Enrolled in the study were patients staying at the ICU of the Department of Anesthesiology and Intensive Care Medicine, Faculty of Medicine and Dentistry, Palacky University Olomouc and University Hospital Olomouc, between 1 January 2011 and 31 December 2015. The participants were all patients older than 18 years of age consecutively admitted to the ICU.
Definitions
Pneumonia is acute inflammation of the respiratory bronchioles, alveolar structures and pulmonary interstitium. Clinically it is defined as the presence of newly developed or progressive infiltrates on chest radiographs plus at least two other signs of respiratory tract infection: temperature >38 °C, chest pain, purulent sputum, leukocytosis or leukopenia, signs of inflammation on auscultation, cough and/or respiratory insufficiency 11 . HAP is defined as pneumonia that occurs 48 h or more after admission, which was not incubating at the time of admission 4 .
Outcome Assessment
The primary outcome was investigation of the relationship between individual risk factors and the development of early-and late-onset HAP. The risk factors were assessed based on their presence in the time interval between hospital admission and the moment of fulfilling the criteria for pneumonia. The risk factors were classified into two subgroups: patient-related (non-modifiable) or hospital-related (modifiable). The patient-related factors were gender (male/female), age at enrolment (years), multiple organ failure (MOF), hypertension (HN), coronary heart disease (CHD), chronic renal failure (CRF), continuous renal replacement therapy (CRRT), acute kidney injury (AKI), diabetes mellitus (DM), chronic obstructive pulmonary disease (COPD), immunosuppression (immune) or leukopenia (WBC <1.5x10 9 /L), impaired consciousness (GCS <8) and craniocerebral trauma (CCT).
The hospital-related factors were thoracotomy (thor), aspiration into the lower airways (aspir), urgent tracheal intubation (urg TI), reintubation (re TI), bronchoscopy (BSC), gastric tube (GT), intolerance of enteral nutrition (intol EN), transport outside the ICU (trans) and physiotherapy (phys).
Statistical Methods
No replacement of missing values or outliers was performed in order to minimize bias due to changed content of retrospective clinical records. Standard descriptive statistics were applied to summarize the primary data; continuous variables as means and 95% confidence intervals or median and range; categorical variables by absolute and relative frequencies. Multivariate logistic regression was adopted for adjusting univariate results for age and for defining the final multivariate model. The selection of variables for the multivariate model was based on univariate P<0.1 and redundancy analysis of these preselected predictors. P≤0.05 was adopted as the level of statistical significance for all analyses. In the tables, the odds ratio (OR) with 95% confidence interval was calculated. The statistical significance (P-value) was assessed with Fisher's exact test. Factors with OR and P-value in bold type are statistically significant (the confidence interval does not include 1). The association of risk factors with HAP was also verified with multivariate logistic regression. As independent predictors, the model included variables with decreased P-value (P<0.2) and risk factors present in both subgroups. The independent predictors were proton pump inhibitor (PPI), H2 antagonist (H2 antag), MOF, HN, CHD, CRF, CRRT, AKI, DM, immuno, COPD, GCS<8, tracheostomy (TS), CCT, thor, aspir, urg TI, re TI, BSC, GT, intol EN, trans and phys. The dependent variable was HAP (early-/late-onset). The model was constructed using the forward stepwise method involving 4 steps. SPSS 21 (IBM Corporation, 2012) was the software used.
RESULTS
Patients and descriptive data
During the above period, a total of 2229 patients, of whom 761 (34.1%) were females and 1468 (65.9%) were males, were admitted to an ICU for a total of 13,139 days. Their mean age was 58.7 ± 17.2 years (median, 63 years), specifically 62.9 ± 18.1 years (median, 67 years) for females and 57.5 ± 17.4 years (median, 62 years) for males. Their mean APACHE II score was 21.4. The mean length of ICU stay was 5.9 days and the mean length of hospital stay was 20.5 days. Based on their admission diagnosis, the participants were classified as non-surgical (1195 patients; 53.6%) or surgical (1034 patients; 46.4%). The overall mortality was 24.0% (535 patients irrespective of their diagnosis), of whom 170 were females and 365 were males.
The criteria for HAP were met by 310 patients (13.9%), 108 females and 202 males. Their mean age was 60.7 ± 17.2 years (median, 64 years), specifically 64.9 ± 17.8 years (median, 68 years) for females and 59.5 The presence of factors in the last 7 days prior to the onset of HAP: MOF -multiple organ failure, HN -hypertension, CHD -coronary heart disease, CRF -chronic renal failure, CRRT -continuous renal replacement therapy, AKI -acute kidney injury, DM -diabetes mellitus, immuno -immunosuppression, COPD -chronic obstructive pulmonary disease, GCS < 8 -Glasgow Coma Scale < 8, TS -tracheostomy, CCT -craniocerebral trauma, thor -thoracotomy, aspir -aspiration into the lower airways, urg TI -urgent tracheal intubation, re TI -reintubation, BSC -bronchoscopy, GT -gastric tube, intol EN -intolerance of enteral nutrition, trans -transport outside the ICU, phys -physiotherapy ± 16.5 years (median, 63 years) for males. Females were statistically significantly older than males (P=0.022). Early-and late-onset HAP was diagnosed in 45 (14.5%) and 265 (85.5%) patients, respectively. The flow chart is shown in Figure 1 . No statistically significant relationship was found between the HAP type and patient gender (P=1.000). There was a statistically significant The presence of factors in the last 7 days prior to the onset of HAP: PPI -administration of the proton pump inhibitor pantoprazole in therapeutic doses, H2 antag -the H2 antagonist famotidine at therapeutic doses, MOF -multiple organ failure, HN -hypertension, CHD -coronary heart disease, CRF -chronic renal failure, CRRT -continuous renal replacement therapy, AKI -acute kidney injury, DM -diabetes mellitus, immuno -immunosuppression, COPD -chronic obstructive pulmonary disease, GCS < 8 -Glasgow Coma Scale < 8, TS -tracheostomy, CCT -craniocerebral trauma, thor -thoracotomy, aspir -aspiration into the lower airways, urg TI -urgent tracheal intubation, re TI -reintubation, BSC -bronchoscopy, GT -gastric tube, intol EN -intolerance of enteral nutrition, trans -transport outside the ICU, phys -physiotherapy The presence of factors in the last 7 days prior to the onset of HAP: MOF -multiple organ failure, CHD -coronary heart disease, CRFchronic renal failure, urg TI -urgent tracheal intubation, re TI -reintubation, BSC -bronchoscopy, intol EN -intolerance of enteral nutrition nificant (P=0.062). No association was found between the APACHE II score and HAP type. The mean length of HAP patients' stay in the ICU was 7.6 days and their mean hospital stay was 23.5 days.
Main results
The absolute and relative frequencies of modifiable/ non-modifiable factors for therapy and nursing care with respect to the risk of developing early-and late-onset HAP are shown in Table 1 .
Stress ulcer prophylaxis was administered to 83% of HAP patients and 68% of patients without HAP.
The absolute and relative frequencies of modifiable/ non-modifiable factors for therapy and nursing care with respect to the presence/absence of HAP are shown in Table 2 .
After the relationships between therapy / nursing care factors and the risk of the development of HAP were assessed by multivariate logistic regression, statistically significant predictors for the development of HAP were identified as shown in Table 3 .
DISCUSSION
Data are presented from a long-term study of a large sample of ICU patients comparing the risk posed by individual factors of therapy and nursing care with respect to the development of early-and late-onset HAP; the impact that the two most common types of stress ulcer prophylaxis have on the incidence of HAP is also documented. The study showed that certain factors, both modifiable and non-modifiable, significantly increase the risk of HAP. The most important non-modifiable factors increasing the risk of developing HAP are MOF, CHD and, at a lower level of statistical significance, the presence of CRF. Patient-related risk factors were investigated, among others, in a large study of 8657 ICU patients which identified atrial fibrillation as a significant risk factor for the development of HAP. However, gender, smoking, CHD, DM, rheumatic heart disease, non-rheumatic valvular disease, myocardiopathy/myocarditis, hyperlipidemia, electrolyte disturbance and congenital heart disease were not significant risk factors for HAP (ref. 12 ). Another study of ICU patients with HAP in association with Staphylococcus aureus showed that significant risk factors are diseases such as liver cirrhosis or DM. On the other hand, the study failed to show a relationship to COPD, hypertension or CRF (ref. . Finally, monitoring of residual gastric volume was not a factor significantly reducing the risk of developing HAP (ref. 15 ). Among hospital-related, or modifiable, factors included in the present study, intolerance of enteral nutrition was the most significant, with urgent tracheal intubation, reintubation and bronchoscopy showing a lower level of statistical significance. If well-tolerated, enteral nutrition is not a risk factor. This was documented, for example, in a study of polytrauma patients showing that enteral nutrition can decrease the incidence of nosocomial pneumonia 16 . By contrast, the presence of an inserted GT is considered as a significant risk factor, as seen from a recent large study of 4427 patients documenting that mechanical ventilation and the use of a GT were the most significant risk factors for the development of HAP (ref. 17 ). Apart from the insertion of a GT, patient immobility is a stronger risk factor for HAP than dysphagia, as shown by Brogan et al. 18 . Also consistent with the present study are the results of a Polish study of 1227 ICU patients showing a statistically significant correlation between the development of HAP and incidence of reintubation, tracheostomy and bronchoscopy19. Another study showed the effect of a history of pre-hospital aspiration or the presence of blood and emesis in the airways after intubation on the development of HAP (aspiration 16% vs. no aspiration 4%) (ref. 20 ). In the HAP group 10% of patients and in the non-HAP group 8% of patients had undergone thoracic surgery; the difference was not statistically significant and therefore the present study failed to identify thoracic surgery as a risk factor for HAP. Some studies referred to the incidence of pneumonia and subsequently of thoracic surgery in 3.3-25%. Similarly, a study of 604 patients undergoing resection of bronchogenic carcinoma showed 5% incidence of HAP (ref. 21 ). In a group of major heart surgery patients, however, the incidence of HAP was 46% in those requiring more than 48 h of mechanical ventilation. The independent risk factors for HAP were age older than 70 years, perioperative transfusions, days of mechanical ventilation, reintubation, previous cardiac surgery, emergent surgery and intraoperative inotropic support 22 . In the present study, previous aspiration was only a risk factor at a low level of statistical significance. Craniocerebral trauma or neurosurgical intervention were associated with the development of HAP in 13% of patients in the present study. In neurosurgery patients, univariate analysis demonstrated that a low GCS, long hospital stay, use of wide-spectrum antibiotics, mechanical ventilation, total parenteral nutrition and reoperation were risk factors for nosocomial infections 23 . Similarly, in abdominal surgery patients, an ICU stay longer than or equal to 7 days and a postoperative hospital stay of 15 days or more were the predictive factors most strongly associated with lung infection 24 . The varied results for individual risk factors may also be documented by one study on the incidence of HAP in non-ICU patients. Malnutrition, CRF, anemia, depression of consciousness, previous hospitalization and thoracic surgery were significant risk factors for HAP in these patients 25 . There were lower mean ages of 55.3 and 61.9 years for patients with early-and lateonset HAP, respectively. We explain that the late-onset HAP affects more weakened patients with polymorbidity, who are more susceptible to infections caused by MDR pathogens. Further, in the presented study bronchoscopy was associated with a higher incidence of HAP, but bronchoscopy cannot be considered as a risk factor for HAP, because risk factors are the reasons which led to its implementation. These were most commonly: massive congestion, aspiration into the lungs, chronic lung disease or esophagotracheal fistula. Also intolerance of enteral nutrition is associated with higher incidence of HAP more due to capillar action from around the gastric tube and more frequent gastric fluid retention in the space above the obturation balloon of the tracheal tube causes silent microaspiration.
An important outcome of the present study is assessment of the impact of the two most common types of stress ulcer prophylaxis on the incidence of HAP. Stress ulcer prophylaxis was administered to 83% of HAP patients and 68% of patients without HAP. Prophylaxis with famotidine used to prevent stress ulcer was associated with a lower risk of HAP in 40% of patients (OR 0.669; P=0.001) than pentoprazol prophylaxis in 43% of patients (OR 0.756; P=0.027), but the results are not as significant as in another similar study. The rate of HAP was lower for an H2 antag (10%) than for a PPI (30%). Administration of the H2 antag was also associated with fewer hospital days (5.6 vs. 17.6) (ref. 26 ). A statistically significant difference in the incidence of HAP was found in a study comparing the effects of sucralfate (14%) and a PPI (36%) (ref. 27 ). Similar findings were also reported by authors of a large retrospective study of 21.214 cardiac surgery ICU patients, with the incidence of HAP being higher in patients receiving a PPI as compared to an H2 antag 28 . However, the administration of stress ulcer prophylaxis itself is linked to a higher risk of HAP, as documented, for example, by a large study of 63.878 patients showing that acid-suppressive medication was associated with a higher incidence of HAP, the association being significant for a PPI and non-significant for H2 antag 29 .
The present study found differences in the incidence of certain modifiable/non-modifiable factors for early-and late-onset HAP (Table 1 ). In early-onset HAP, the statistically significantly more frequent factors were CHD, COPD and phys, while in late-onset HAP, AKI, CRRT and TS were statistically significantly more common. However, the presence of physiotherapy in early-onset HAP is not considered a factor increasing its incidence. This is rather associated with physiotherapy provided to at-risk patients who subsequently develop HAP. Similarly, higher TS rates in patients with late-onset HAP is considered a sign of more severe pneumonia requiring longer ventilator use. TS was performed in patients prior to randomization, prior to formation of HAP and the reason for its implementation was different than the current HAP attack. Most often it was longterm impairment of consciousness, respiratory insufficiency after previous severe pneumonia or long term ventilator dependence in chronic pulmonary disease patients. The presence of TS increases the HAP incidence probably due to the bypassed upper airway, as a natural bacterial filter.
CONCLUSION
Epidemiological data on ICU patients obtained over the five-year period show that the highest risk of HAP is associated with the patient-related factors MOF, CHD and CRF and the following hospital-related factors: urgent tracheal intubation, reintubation, bronchoscopy and intolerance of enteral nutrition. Additionally, stress ulcer prophylaxis was found to be an independent risk factor for the development of HAP. Prophylaxis with famotidine was associated with a lower risk than pentoprazol prophylaxis.
ABBREVIATIONS
AKI, acute kidney injury; APACHE II, Acute Physiology and Chronic Health Evaluation II; BSC, bronchoscopy; ICU, intensive care unit; CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease; CRRT, continuous renal replacement therapy; DM, diabetes mellitus; EN, enteral nutrition; GCS, Glasgow Coma Scale; GT, gastric tube; HAP, hospital-acquired pneumonia; HN, hypertension; CRF, chronic renal failure; CRRT, continuous renal replacement therapy; ICU, intensive care unit; MOF, multiple organ failure; PPI, proton pump inhibitor; TI, tracheal intubation; TS, tracheostomy; VAP, ventilatorassociated pneumonia; WBC, white blood cell count.
